Abstract -We infiltrated PbSe quantum dots into threedimensional photonic crystals fabricated by the two-photon polymerisation technique. A shift of the photonic band gap was observed and an improved method was designed to quantify the infiltration.
I. INTRODUCTION
By introducing quantum dots (QDs) into three-dimensional (3D) photonic crystals (PhCs), the control of radiation dynamics of QDs has become an attractive approach to realise the functionalities of 3D PhCs [1] . Here we demonstrate the experimental feasibility to infiltrate PbSe QDs into 3D woodpile PhCs fabricated by the two-photon polymerisation (2PP) technique. While most infiltration experiments with 3D PhCs were performed with opal or inverse opal PhCs and QDs operating at visible wavelength, our experiments are involved with 3D woodpile structures and PbSe QDs working at near-infrared wavelength range, which is important for telecommunications. Infiltration induced photonic band gap shift was observed. Quantified experiments were designed to facilitate the future investigation on the emission spectrum and radiation dynamics of QDs within 3D PhCs.
II. EXPERIMENTS
The PbSe QDs in our experiments were prepared by using the method described in [2] . By controlling the conditons, PbSe QDs with near-infrared absorption of 1100-2520 nm can be fabricated [2] . To realise the operation wavelength at the communication wavelength of 1.5 m, PbSe QDs with the emission spectral centre at 1.473 m were produced.
Our 3D photonic crystal was a woodpile structure fabricated with ORMOCERs (inorganic-organic hybrid polymer) by employing the 2PP technique, which has the flexibility to fabricate arbitrary 3D structures with spatial resolution of 200 nm [3] . By designing the fabrication parameters, we can match the band gaps of PhCs with the emission wavelength of QDs, making it suitable to investigate the influence of 3D PhCs on QDs radiation. To match the emission spectrum of QDs, a PhC with a partial band gap at stacking direction at 1.47 m was fabricated.
Initial experiments were performed by infiltrating QDs dissolved in chloroform directly into a 3D PhC. To avoid the influence of absorption of QDs and chloroform, the PhC was chosen with a band gap centre at 2.04 m and was verified to be stable in the chloroform solution. Experimental results revealed that the band gap of the PhC was shifted to longer wavelengths when the amount of the infiltrated QDs increased and returned to shorter wavelength with the decrease of the amount of the infiltrated QDs. A band gap shift of 80 nm was observed in the experiments. Due to the unique quality of the polymerized materials, QDs can stick to the surface of the PhC structure and can be repeatedly washed away by chloroform solution even after three days.
Improved experiments have been designed to employ a dipping method [4] with a digital linear stage and a servomotor controlled lever, respectively. Through controlling the concentration of QDs and the dipping speed of system, the amount of infiltrated QDs can be controlled and the infiltration induced band gap shift can then be quantified. Moreover, this quantified infiltration method provides the flexibility to study the reciprocal influence of QDs with different amount and 3D PhCs with different band gaps on optical properties, which will contribute to the ultimate goal of investigation on QDs radiation within 3D PhCs.
III. CONCLUSION
Both PbSe QDs and 3D PhCs can be flexibly fabricated in our experiments. QDs infiltration induced band gap shift of 3D PhCs was observed. To quantify this band gap shift effects and to facilitate future radiation investigation, a dipping scheme was designed and is being applied.
